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PULSE TRANSMISSION
SYNCHRONIZATION

BACKGROUND OF THE INVENTION

1. Statement of the Technical Field

The inventive arrangements relate to electronic article sur-
veillance systems, and more particularly to synchronization
of two or more electronic article surveillance systems which
have the potential to interfere with one another.

2. Description of the Related Art

Pulsed magnetic EAS systems operate by generating a
short burst of magnetic flux in the vicinity of a transmitter
antenna. This pulsed field stimulates a particular type of mag-
netic label or marker, whose characteristics are such that it is
resonant at the operating frequency of the system. The marker
absorbs energy from the field and begins to vibrate at the
transmitter frequency. This is known as the marker’s forced
response. When the transmitter stops abruptly, the marker
continues to ring down at a frequency which is at, or very near
the system’s operating frequency. This ring down frequency
is known as the marker’s natural frequency. The vicinity of
the transmitter antenna in which the response can be forced is
the interrogation zone of the EAS system.

The magnetic marker is constructed such that when the
marker rings down, the marker produces a weak magnetic
field, alternating at the marker’s natural frequency. The EAS
system’s receiver antenna, which may be located either
within its own enclosure or within the same enclosure as the
transmitter antenna, receives the marker’s ring down signal.
The EAS system processes the marker’s unique signature to
distinguish the marker from other electromagnetic sources
and/or noise which may also be present in the interrogation
zone. A validation process must therefore be initiated and
completed before an alarm sequence can be reliably gener-
ated to indicate the marker’s presence within the interroga-
tion zone.

The validation process is time-critical. The transmitter and
receiver gating must occur in sequence and at predictable
times. Typically, the gating sequence starts with the transmit-
ter burst starting with a synchronizing source, such as the
local power line’s zero crossing. The receiver window opens
at some predetermined time after the same zero crossing.

In a three phase power system, power lines within a build-
ing can have individual zero crossings at 0°, 120° or 240° with
respect to each other. Accordingly, different EAS units
plugged into different electrical outlets may detect a zero
crossing at either the 0°, 120° or 240° point in the line fre-
quency’s period. In this way, a first EAS system, referred to as
system A, can have a different zero crossing reference time as
compared to a nearby EAS system, referred to as system B.

In order to compare received signals to background noise,
separate noise averages are continuously sampled, computed
and stored as part of a signal processing algorithm. This is
commonly done by operating the EAS systems at 1.5 times
the power line frequency, 90 Hz for a 60 Hz line frequency or
75 Hz for a 50 Hz line frequency, and alternating the inter-
pretation of each successive phase. More particularly, if phase
A is a transmit phase (the receiver window is preceded by a
transmitter burst), phase B will be a noise check phase (the
receiver window was not preceded by a transmitter burst),
phase C will be atransmit phase, phase A will be anoise check
phase, and so on.

EAS systems operating in proximity to each other must be
synchronized in some way to prevent them from causing
interference with one another. Previous implementations of
pulsed magnetic EAS systems have utilized various
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approaches to ensure synchronization. Some systems are
manually synchronized by a technician, and rely on a power
line frequency zero crossing as a reference time. Another
approach is more automated but requires a wired connection
between respective system processor boards of the multiple
EAS systems. Other systems utilize wireless synchronization
methods. These wireless systems can involve wireless com-
munications among two or more EAS systems that are
designed to accommodate such wireless synchronization
methods. For example, one such wireless system is disclosed
in U.S. Pat. No. 6,201,469 to Balch, et al.

A plurality of EAS systems operating in proximity to one
another can be synchronized by the various methods
described above, provided that (1) a technician has authorized
access to all ofthe EAS systems which are to be synchronized
and/or (2) each of the EAS system is specifically designed to
participate in a particular automated synchronization method
(wired or wireless) which is being used. But there are some
instances where one or more of the EAS systems in a proxi-
mate area are not designed to utilize a particular automated
synchronization method or are not under the control of a
technician who is attempting to manually synchronize opera-
tion of two or more EAS systems. For example, this can occur
when a plurality of EAS system are made by different manu-
facturers who utilize different automatic synchronization
schemes. Alternatively, this can also occur when EAS units
are operated or maintained by a different entities and one of
the EAS units has been improperly synchronized by a tech-
nician with inadequate training or indifference to the inter-
ference problem. EAS systems of this kind can be thought of
as non-cooperative EAS systems.

SUMMARY OF THE INVENTION

Embodiments of the invention concern a method for reduc-
ing interference in an electronic article surveillance (EAS)
system. The method is performed in the context of marker tag
detection operations executed by a first EAS unit. The marker
tag detection operations include periodically generating with
a transmitter a first synchronized electromagnetic exciter
pulse which is configured to force aresponse in the marker tag
when the pulse is transmitted into a tag detection zone. The
first synchronized electromagnetic exciter pulse is communi-
cated into an EAS tag detection zone during a pulse transmit
time. After termination of the pulse transmit time, a receiver
is used to monitor and detect the response from the marker tag
during a first receive interval. The first EAS unit also trans-
mits a warning electromagnetic pulse at a predetermined time
following the exciter pulse. The predetermined time and a
duration of the warning electromagnetic pulse are chosen so
that the warning electromagnetic pulse acts upon a noise
interference avoidance process in a second EAS unit. The
warning electromagnetic pulse causes a timing change in a
second synchronized electromagnetic exciter pulse produced
by the second EAS unit when the second synchronized elec-
tromagnetic exciter pulse is concurrent with the first receive
interval. Accordingly, the noise interference avoidance pro-
cessing circuitry of the second EAS unit is used by the first
EAS unit to cause a timing change in the second EAS unit.
This timing change causes the second EAS unit to no longer
interfere with the first EAS unit.

The invention also concerns a system for reducing inter-
ference in an electronic article surveillance (EAS) unit. A first
EAS unit includes a transmitter, a receiver and a controller
arranged to control operation of the receiver and the transmit-
ter. The controller is arranged to control marker tag detection
operations in the first EAS unit by causing the transmitter to
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periodically generate a first synchronized electromagnetic
exciter pulse configured to force a response in the marker tag
when the first synchronized electromagnetic exciter pulse is
transmitted into a tag detection zone. The controller causes
the first synchronized electromagnetic exciter pulse to be
transmitted into an EAS tag detection zone during a pulse
transmit time, and after termination of the pulse transmit
time, causes the receiver to monitor to detect the response
from the marker tag during a first receive interval. The con-
troller is further arranged to cause the transmitter to transmit
a first warning electromagnetic pulse at a predetermined time
following the exciter pulse. The controller selects the prede-
termined time and a duration of the first warning electromag-
netic pulse so that the first warning electromagnetic pulse will
act upon a noise interference avoidance system in a second
EAS unit. This action will cause a timing change for a second
synchronized electromagnetic exciter pulse produced by the
second EAS unit when the second synchronized electromag-
netic exciter pulse is concurrent with the first receive interval.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described with reference to the fol-
lowing drawing figures, in which like numerals represent like
items throughout the figures, and in which:

FIG. 1 is a basic block diagram of a representative EAS
system

FIG. 2 is a timing diagram that is representative of an EAS
system operating at a power line frequency that is synchro-
nized to a zero crossing.

FIG. 3 is a diagram that is useful for understanding how a
first EAS unit can receive interference from a second EAS
unit.

FIG. 4 is a timing diagram that is useful for understanding
how an EAS unit B can interfere with and EAS unit A during
a receiving interval for EAS unit A.

FIG. 5 is a timing diagram that is useful for understanding
how an EAS unit A can cause an EAS unit B to change a
transmit time by taking advantage of interference avoidance
processing provided in EAS unit B.

FIG. 6 is a timing diagram that is representative of an EAS
system operating at a frequency that is 3x the power line
frequency, and which shows how an EAS unit D can interfere
with an EAS unit C during a noise receiving interval for EAS
unit C.

FIG. 7 is a timing diagram that is useful for understanding
how an EAS unit C can cause an EAS unit D to change a
transmit time by taking advantage of interference avoidance
processing provided in EAS unit D.

FIG. 8 is a timing diagram that is useful for understanding
an alternative implementation of the arrangement described
in FIG. 7.

FIG. 9 is useful for understanding a timing relationship
among three different voltages associated with a three-phase
AC power system.

DETAILED DESCRIPTION

The invention is described with reference to the attached
figures. The figures are not drawn to scale and they are pro-
vided merely to illustrate the instant invention. Several
aspects of the invention are described below with reference to
example applications for illustration. It should be understood
that numerous specific details, relationships, and methods are
set forth to provide a full understanding of the invention. One
having ordinary skill in the relevant art, however, will readily
recognize that the invention can be practiced without one or
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4

more of the specific details or with other methods. In other
instances, well-known structures or operation are not shown
in detail to avoid obscuring the invention. The invention is not
limited by the illustrated ordering of acts or events, as some
acts may occur in different orders and/or concurrently with
other acts or events. Furthermore, not all illustrated acts or
events are required to implement a methodology in accor-
dance with the invention.

The invention concerns methods and systems for reducing
interference in electronic article surveillance (EAS) systems.
The inventive arrangements are particularly well suited for
scenarios where a second EAS system (which is not designed
to cooperate with a first EAS system for purposes of synchro-
nization) is causing interference with a first EAS system due
to improper synchronization. The method is performed in the
context of marker tag detection operations. Marker tag detec-
tion operations typically involve periodically generating with
a first EAS unit synchronized electromagnetic exciter pulses
which are configured to force a response in a marker tag when
each pulse is transmitted into a tag detection zone. Each
synchronized exciter pulse is communicated into an EAS tag
detection zone during a pulse transmit time. After termination
of the pulse transmit time, a receiver is used to monitor and
detect the response from the marker tag during a first receive
interval.

According to one aspect of the invention, the first EAS unit
transmits an electromagnetic warning pulse at a predeter-
mined time following the exciter pulse. The predetermined
time and duration of the warning pulse is chosen so that it acts
upon a conventional noise interference avoidance system in a
second EAS unit. Such noise interference avoidance systems
are well known in the art and therefore will not be described
here in detail. However, it is known that such interference
avoidance systems will conventionally use a receiver to detect
the presence of electrical noise that is present during a receive
interval associated with EAS tag detection, and will respond
to detected noise during such receive interval by moving a
time of its receive interval. For example, the receive interval
for EAS tag detection will generally follow shortly after an
exciter pulse used to produce a forced response in the EAS
tag. Accordingly, changing the transmit time of the exciter
pulse will also change the receive time.

In the present invention, the second EAS unit interprets the
warning pulse as noise and responds by causing a timing
change in the second EAS unit. For example, the second EAS
unit can cause a timing change with respect to transmission of
a second synchronized electromagnetic exciter pulse which is
produced by the second EAS unit. This results in a commen-
surate change in the time of a receive interval used to detect
EAS tag responses in the second EAS unit and allows the
second EAS unit to avoid the noise which is present during its
receive interval. But the advantage to the first EAS unit is that
the second EAS unit is no longer transmitting EAS exciter
pulses during the EAS tag detection receive window of the
first EAS unit. Accordingly, the noise interference avoidance
processing circuitry ofthe second EAS unit is used by the first
EAS unit to cause a timing change in the second EAS unit.
Notably, the second EAS unit can be non-cooperative insofar
as it is not specifically designed to communicate or cooperate
with the first EAS unit for timing synchronization or other
purposes. But the first EAS system takes advantage of the
existing conventional noise interference avoidance circuitry
in the second EAS system to encourage the second EAS unit
to change its timing. This timing change causes the second
EAS unit to no longer interfere with the first EAS unit.

Marker tag detection operations and the transmitting of the
first warning electromagnetic pulse as described herein are
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performed by the first EAS unit during a first phase of an EAS
cycle. The first phase can be followed by a second phase. The
second phase can involve sensing with a receiver in the first
EAS unita level of electromagnetic noise in a communication
environment during a noise sensing interval. In such a sce-
nario, the inventive arrangements can also involve transmit-
ting using the first EAS unit a second electromagnetic warn-
ing pulse at a second predetermined time during the second
phase. The second predetermined time and duration of the
second warning pulse are advantageously chosen so that the
second warning pulse acts upon the noise interference avoid-
ance system in the second EAS unit. This causes a pulse
transmission timing change in the second EAS unit which
helps to reduce interference experienced by the first EAS unit
during the noise sensing interval. The second warning pulse is
useful for causing the second EAS unit to avoid transmission
of exciter pulses during a noise sensing interval. In general,
the first synchronized electromagnetic exciter pulse can be
selected to have the same frequency as the first and second
warning pulses.

One or both of the first and second warning pulses is
modulated to contain encoded information. For example, in
some scenarios the modulation scheme can include pulse
width modulation and/or amplitude modulation. Optionally,
the first and/or second warning electromagnetic pulses can be
selectively modulated on and off to form a plurality of shorter
duration pulses. The shorter pulses can effectively form a
binary code which conveys certain information to other EAS
units. One or both of the modulated warning pulses can be
received and demodulated at a third EAS unit which is
designed to extract the coded information.

From the foregoing it will be appreciated that the first
warning pulse described herein can have at least one feature
different from the second warning pulse whereby the second
warning pulse can be selectively identified in a cooperative
third EAS unit. This difference can be utilized to help auto-
matically adjust a timing of at least one transmitted pulse in a
cooperative EAS unit. The various aspects of the inventive
arrangements will now be described in further detail

The basic operation of EAS systems is well known in the
art and therefore will not be described here in detail. However,
a brief description of an exemplary EAS system is provided to
facilitate the following synchronization discussion. Referring
now to FIG. 1 there is shown a high level block diagram of a
representative EAS system 100. An electronic controller cir-
cuit 102, which can include a microprocessor 103, is con-
nected to both a receiver 106 and a transmitter 104. Circuits
associated with the receiver 106 and transmitter 104 are con-
nected to an antenna assembly 108. Signals from a receiving
antenna are amplified, filtered and detected by the receiver
circuit 106, which supplies both amplitude and frequency
information to the controller 102. Based on design con-
straints, which may include program instructions in firmware,
the controller has the ability to use transmitter 104 to transmit
signals at particular frequencies and particular times for par-
ticular durations to the system’s environment through a trans-
mitting antenna. More particularly, the signals are designed to
produce forced responses by marker tags 109 that are present
within an interrogation zone 110 (which is sometimes
referred to herein as an EAS marker detection zone). The
antenna assembly 108 is comprised of one or more coils
serving as the receiving antenna and one or more coils serving
as the transmitting antenna. Alternatively, the antenna assem-
bly comprises one or more coils, serving as both the receiving
and transmitting antennas.

Referring now to FIG. 2 there is provided a timing diagram
that is representative of an EAS system operating at a power

10

15

20

25

30

35

40

45

50

55

60

65

6

line frequency. Practical EAS systems commonly operate at
higher frequencies to include more transmit pulses (and
receive windows) during each cycle of the power line fre-
quency. However, a simplified system is shown in FIG. 2 so as
to facilitate a understanding of the inventive concepts
described herein. EAS systems operating at higher frequen-
cies are shown in FIGS. 6-8.

As shown in FIG. 2, an EAS system can generate electro-
magnetic transmit pulses 211, 212, 213 which excite EAS
markers 109 which may be present within an interrogation
zone 110. In order to synchronize the EAS unit with other
EAS units in proximity, a controller of the EAS system moni-
tors the power line to detect zero crossings 201, 202, 203. The
transmit pulses are generated in response to detection of a
positive going zero crossing. The transmit pulses are propa-
gated by an antenna into an interrogation zone which may
contain an EAS marker. An EAS marker is excited by the
transmit pulse. When the transmit pulse abruptly terminates,
the marker rings down and produces a weak magnetic field,
alternating at the marker’s natural frequency. A receiver
antenna of the EAS system 100 receives the marker’s ring
down signal during a receive interval 221, 222, 223.

FIGS. 3 and 4 are diagrams that are useful for understand-
ing how a first EAS unit A can receive interference from a
second EAS unit B. In FIG. 3, several different business
entities are shown in relatively close proximity at retail loca-
tions A, B, C, and D. Retail locations A, B, C, D have respec-
tive EAS units A, B, C, and D that operate at the same transmit
frequencies and the same EAS marker frequencies.

EAS units A, B, C, and D can use the same frequency to
excite marker tags. The frequency of the exciter pulses also
correspond to the frequency of the marker tag responses.
Accordingly, the receivers in EAS units A, B, C, and D are
generally tuned to receive the same frequency as the trans-
mitted exciter pulses. Accordingly, if EAS unit B is not cor-
rectly synchronized to EAS unit A, then EAS unit B can cause
harmful interference to EAS unit A. This concept is illustrated
in FIG. 4 which shows a series of time lines 402, 404, 406. An
EAS unit A can produce a transmit pulse Tx (A, ) in response
to a positive-going detected zero crossing 408 of a power line
voltage 410 to which the EAS unit A is connected. In this
example the power line voltage is presumed to have a fre-
quency of 60 Hz but a 50 Hz power line voltage is also
possible. The transmit pulse Tx (A, ) is synchronized to occur
immediately following the zero crossing as is the convention
in many common EAS systems. In a conventional EAS sys-
tem this pulse can be 1.6 milliseconds (mS) in duration, but
the invention is not limited in this regard. A response of an
EAS marker tag to transmit pulse Tx (A,) can be subse-
quently detected by EAS unit A in a receive interval Rx (A ).
For example, a response can be detected when a marker tag is
present within a detection zone of EAS unit A. The receive
interval in a conventional EAS system can be about 1.7 mS in
duration as shown. A guard interval can be provided between
the transmit pulse Tx (A ) and the receive interval Rx (A,). A
duration of a guard interval in a conventional EAS system can
be about 470 S to 900 uS as shown.

EAS unit B will produce transmit pulses and receive
marker responses in a manner similar to that described above
with respect to EAS unit A. Accordingly, EAS unit B will
have a transmit pulse Tx (B,) followed by a corresponding
receive time Rx (B;) during which it attempts to detect an
EAS marker response. However, EAS unit B may not be
properly aligned to a zero crossing of EAS unit A. For
example, this can occur when EAS unit B is not under the
control of the person responsible for EAS unit A. Conse-
quently, transmit pulse Tx (B,;) may not occur at the same
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time as transmit pulse Tx (A ) in EAS unit A. In the example
shown, transmit pulse Tx (B,) of EAS unit B is generated
during a time which at least partially coincides with receive
interval Rx (A,) for EAS unit A. Consequently, the transmit
pulse Tx (B, ) occurs during a time that a receiver of EAS unit
A is attempting to detect a marker response. The occurrence
of transmit pulse Tx (B, ) during receive interval Rx (A,) will
degrade the performance of EAS unit A. Notably, EAS unit B
will not experience any operational difficulty or interference
in such a scenario since its own receive interval Rx (B,)
occurs during a time when EAS unit A does not normally
transmit. Accordingly, EAS unit B will not be aware of the
interference it is causing.

If synchronization of EAS unit B is under the control of the
same person responsible for synchronization of EAS unit A,
then the improper synchronization of EAS unit B could be
manually corrected by a technician. Similarly, if EAS unit A
and EAS unit B are each using a common automated synchro-
nization infrastructure, then EAS unit B could be synchro-
nized with EAS unit A. But in some scenarios, EAS unit B is
not designed to cooperate with EAS unit A with regard to
synchronization, and an entity responsible for operation of
EAS unit A may not have control of EAS unit B. Accordingly,
there is no practical way for the operator of EAS unit A to
prevent EAS unit B from causing interference. In this regard,
EAS unit B can be thought of as a non-cooperative EAS unit.
In such a scenario, EAS unit A could be manually adjusted to
synchronize with the non-cooperative EAS unit B so that both
have the same improper synchronization, thereby avoiding
interference with EAS unit B. But this tends to lead to further
problems with other nearby EAS units which are properly
synchronized to the power line zero crossing. What is needed
is a way for EAS unit A to cause a non-cooperative EAS unit
B to adjust its synchronization.

Referring now to FIG. 5 there is shown a series of timing
diagram that are useful for understanding how an EAS unit A
can cause a non-cooperative EAS unit B to adjust is synchro-
nization to the power line. The various times shown and
described are exemplary of those that can be used in a typical
EAS system. However, it should be understood that the
method is not necessarily limited to the specific times indi-
cated. The method described herein involves EAS unit A
taking advantage of interference avoidance processing that is
provided in EAS unit B. In timeline 502 EAS unit A produces
a 1.6 mS transmit pulse Tx (A,) during a transmit time in
synchronization with a power line zero crossing. The transmit
pulse is followed by a 1.7 mS receive interval Rx (A,) during
which EAS unit A attempts to receive a response by an EAS
marker tag. In timeline 504 a non-cooperative EAS unit B is
misaligned and therefore produces a 1.6 mS transmit pulse Tx
(B,) during a time corresponding to Rx (A ). Accordingly Tx
(B,) interferes with Rx (A, ). In order to correct this problem
EAS unit A intermittently generates a warning pulse com-
prised of transmitted pulse Tx (A,) during a receive interval
Rx (B)). The transmit pulse Tx (A,) can be transmitted at the
same frequency as Tx (A)) or at a different frequency. The
timing and duration of the transmitted pulse Tx (A,) is
selected so that the pulse acts upon a noise interference avoid-
ance system in the EAS unit B.

The frequency, timing and duration of transmit pulse Tx
(A,) is such that it will be detected by EAS unit B during
receivetime Rx (B, ). For example, Tx (A,) can be transmitted
approximately 2.17 mS following Tx (A ). Note that the 2.17
mS in this example is the sum of a 470 uS ring down wait time
and a 1.7 mS receive interval. This ensures that Tx (A,) will
be transmitted concurrently with a receiving interval Rx (B))
of a transmitted pulse Tx (B, ) which is interfering with EAS
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unit A. The duration of Tx (A,) is advantageously chosen so
that it sufficient to be detected by EAS unit B within receiving
time Rx (B, ) whenever Tx (B,) is concurrent with Rx (A ). As
used herein, concurrent means that at least a portion of the
transmitted pulse is overlapped in time with at least a portion
of the receiving time interval. In some embodiments of the
invention which shall be described below in greater detail, the
duration of Tx (A,) is controlled so that it will not exceed
about 1.83 mS. It should be understood that Tx (A,) could be
always transmitted following each zero crossing but it can be
sufficient to instead transmit Tx (A,) on an intermittent basis.
For example, in some scenarios Tx (A,) could be transmitted
only once every 10 or 100 cycles of the power line voltage and
this can be sufficient to cause a response in EAS unit B. The
exact rate at which Tx (A2) can be transmitted can be deter-
mined by empirical means.

The EAS unit B is not designed to cooperate in a synchro-
nization scheme with EAS unit A, but it will detect the pres-
ence of Tx (A,) during its receive interval. More particularly,
a conventional EAS unit will have an ability to sense the
presence of “noise” during a receive interval and will have
ability to adjust its timing to avoid such noise. EAS unit B will
have a conventional noise or interference avoidance system
which can include one or more computer processes and/or
circuits. Such systems are well known in the art and therefore
will not be described in detail. However, the conventional
noise interference avoidance system will conclude that Tx
(A,) is noise or interference that is degrading its ability to
detect marker tags during Rx (B,). Accordingly, EAS unit B
will respond by adjusting its timing so that a duration of Rx
(B,) coincides with a quiet time interval Rx (A,) as shown in
timeline 506. It does this by adjusting its transmit time Tx
(B,). The adjustment of the transmit time Tx (B1) will be
followed by the adjustment of the receive time Rx (B)) as
shown. The automatic timing adjustment is made by EAS unit
B so as to avoid the interference caused by Tx (A,). But
moving Tx(A,) will also cause EAS unit B to avoid interfer-
ing with EAS unit A during Rx (A,). Accordingly, EAS unit
A will have succeeded in causing uncooperative EAS unit B
to move its transmit time to properly synchronize with EAS
unit A.

As noted above, conventional EAS systems can have a ring
down time for an exciter pulse (e.g. for pulse Tx (A,)) which
varies between about 470 uS to 900 uS. The 2.17 mS delay
between the end of pulse Tx (A,) and the beginning of pulse
TX (A,) assumes a 470 uS ring down time and a 1.7 mS
receive window. For systems which have longer ring-down
times (e.g. up to 900 uS) this 2.17 second delay can instead be
longer (e.g. up to 2.6 mS). In such a scenario, the maximum
length of Tx (A,) would have to be adjusted so that it is less
than 1.83 mS so that the entire duration of the cycle does not
exceed 5.56 mS. For example, if a particular system has a 900
uS ring down time period then the maximum duration of pulse
Tx (A,) would need to be reduced to 1.36 mS. Those skilled
in the art will appreciate that the invention includes systems
incorporating all such timing adjustments and is not limited to
the specific timing intervals described herein.

The timing diagrams in FIGS. 4 and 5 are simplified to help
illustrate the concept of a synchronization method involving
anon-cooperative EAS unit. Referring now to FIG. 6 there is
shown a series of time lines 602, 604, 606 that are represen-
tative of a more practical EAS system operating at a fre-
quency that is 3x the power line frequency. As illustrated in
time line 604 an EAS unit C can operate according to three
separate phases during each cycle of a power line voltage.
These shall be referred to herein as phase 1, phase 2 and phase
3. Each phase has a duration corresponding to a portion of the
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power line voltage sine wave equal to about 120°. Accord-
ingly, phases 1, 2 and 3 can respectively begin at approxi-
mately 0°, 120°, and 240° as shown. Each phase is approxi-
mately 5.6 mS in duration.

Time line 604 shows that in phase 1 an EAS unit C pro-
duces a transmitted pulse Tx (C,) at a time (0°) which corre-
sponds to a zero crossing of a power line voltage. EAS unit C
has a receiving time interval Rx (C,) during which a receiver
attempts to detect an EAS tag which has been excited. Simi-
larly, EAS unit C produces a transmitted pulse Tx (C;) in
phase 3 at a time which corresponds to about 240° within the
power line cycle. This pulse is followed by a receiving inter-
val Rx (C;). In an exemplary system the transmit pulses can
be about 1.6 mS in duration and the receiving intervals can be
about 1.7 mS in duration. The transmit and receive pulses can
be separated by a guard interval which is usually about 470 uS
to 900 pS.

Time line 604 shows that in phase 2, a transmitter is dis-
abled during a transmit time Tx (off) but a receive time
interval Rx (C,) is nevertheless provided. Since the transmit-
ter is disabled during the transmit time Tx (Off) there is no
response characteristic response expected from an EAS tag
during Rx (C,). Instead, Rx (C,) is used to evaluate an elec-
trical noise level to aid in signal processing performed by
EAS unit C.

In FIG. 6 it may be observed that a non-cooperative EAS
unit D which is not properly synchronized to the power line
voltage reference can produce a transmitted pulse Tx (D))
during receive window Rx (C,). This creates a problem simi-
lar to that which was previously described in relation to FIG.
4. In particular, Tx (D,) occurs during receive window Rx
(C,), thereby potentially degrading tag detection perfor-
mance of EAS unit C. Alternatively, the improper synchroni-
zation of EAS unit D can cause a transmit pulse Tx (D,) to
appear during a time corresponding to receiving time Rx (C,).
This transmitted pulse will not directly interfere with the
ability of EAS unit C to detect the presence of marker tags
since no marker tag response is expected during Rx (C,). Still,
the occurrence of Tx (D, ) during Rx (C,) can be expected to
degrade the performance of EAS unit C because EAS unit C
will not obtain an accurate estimate of the electrical noise that
is present within an environment. Notably, Tx (D,) and Tx
(D,) each have a corresponding receive time which is identi-
fied respectively as Rx (D, ) and Rx (D,). During these receive
times EAS unit D attempts to detect the occurrence of forced
responses produced by EAS marker tags.

Referring now to FIG. 7 there is provided a series of time
lines that are useful for understanding how EAS unit C can
cause a non-cooperative EAS unit D to change a transmit time
by taking advantage of conventional interference avoidance
processing provided in EAS unit D. The various times shown
and described are exemplary of those that can be used in a
typical EAS system. However, it should be understood that
the method is not necessarily limited to the specific times
indicated. Time line 702 for EAS unit C is generally similarto
time line 604 but includes one or more extra pulses. Specifi-
cally time line 702 for EAS unit C can include one or more
warning transmit pulses Tx (C,) and/or Tx (C,). These warn-
ing pulses could be always transmitted after each zero cross-
ing but it can be sufficient to instead transmit such pulses on
an intermittent or periodic basis. For example, in some sce-
narios the warning pulses could be transmitted only once
every 10 or 100 cycles of the power line voltage and this can
be sufficient to cause a response in EAS unit D. The exact rate
at which the warning pulses can be transmitted can be deter-
mined by empirical means. However, it should be appreciated
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that fewer warning pulses are desirable so as to minimize
unnecessary electrical noise in an EAS environment.

The frequency, timing and duration of transmit pulses Tx
(C,) and Tx (C,) are such that they will be detected by EAS
unit B during receive time Rx (D)) or Rx (D,). For example,
Tx (C,) can be transmitted approximately 2.17 mS following
Tx (C,). This assumes 470 uS of ring down time following Tx
(C)) plus a 1.7 mS receive window. Such timing ensures that
pulse Tx (C,) it will be transmitted concurrently with a receiv-
ing interval Rx (D,) of a transmitted pulse Tx (D)) that is
interfering with EAS unit C. The duration of Tx (C,) is
advantageously chosen so that it sufficient to be detected by
EAS unit D within receiving time Rx (D,) whenever Tx (D,)
is concurrent with Rx (C, ). As used herein, concurrent means
that at least a portion of the transmitted pulse is overlapped in
time with at least a portion of a receiving interval. In order to
avoid extending into phase 2, the duration of Tx (C,) in the
scenario shown in FIG. 7 is advantageously controlled so that
it will not exceed about 1.83 mS. However, this maximum
duration may need to be reduced in certain scenarios where
the ring down time for Tx (C, ) exceeds 470 uS. For example,
if the ring-down time for Tx (C,) is actually 900 uS, then the
maximum duration width of pulse Tx (C,) cannot exceed 1.36
mS if the pulse Tx (C,) is to avoid extending into phase 2.

Similarly, Tx (C,) can be transmitted approximately 2.17
mS following the end of Tx (off). This ensures that Tx (C,)
will be transmitted concurrently with a receiving interval Rx
(D,) associated with a transmitted pulse Tx (D,) that is inter-
fering with EAS unit C. The duration of Tx (C,) is advanta-
geously chosen so that it sufficient to be detected by EAS unit
D within receiving time Rx (D,) whenever Tx (D,) is concur-
rent with Rx (C,). As used herein, concurrent means that at
least a portion of the transmitted pulse is overlapped in time
with at least a portion of a receiving interval. In order to avoid
extending into phase 3, the duration of Tx (C,) is advanta-
geously controlled so that it will not exceed about 1.83 mS.

The purpose of Tx (C,) is similar to that of Tx (A,) in FIG.
5. In particular, the occurrence of Tx (C,) is timed to occur
during a receive time Rx (D,) for EAS unit D. Consequently
processing circuitry in EAS unit D will identify transmit
pulse Tx (C,) as noise or interference. In response conven-
tional interference avoidance processing in EAS unit D will
transition the pulse timing of Tx (D,) to correspond to the
timing shown in time line 607. More particularly, EAS unit D
will move Tx (D)) so that its associated receive time Rx (D))
will no longer be concurrent with Tx (C, Accordingly, a
receiver in EAS unit A will no longer experience interference
from Tx (D,) during a receive time Rx (C,).

Tx (C,) serves a purpose similar to that of Tx (C,). More
particularly, Tx (C,) is timed to occur during a receive interval
Rx (D,) of EAS unit D. Consequently processing circuitry in
EAS unit D will identify transmit pulse Tx (C,) as noise or
interference. In response, conventional interference avoid-
ance processing in EAS unit D will transition the pulse timing
of Tx (D,) to avoid interference from Tx (C,). More particu-
larly, EAS unit D will move Tx (D,) so that its associated
receive time Rx (D,) will no longer be concurrent with Tx
(C,). Notably, the interference avoidance processing in EAS
unit D will also move Tx (D,) to avoid interference with Tx
(C,). As a result of such timing adjustments performed by
EAS unit D, Tx (D,) will ultimately be moved to a location
such as the one show in in time line 706, such that its receive
time Rx (D,) does not experience interference. Accordingly,
a receiver in EAS unit C will no longer experience interfer-
ence from Tx (D,) during a receive time Rx (C,).

In an embodiment of the invention, the pulses Tx (C,) and
Tx (C,) can be manipulated to serve other functions in addi-
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tion to those which have already been described. For example,
one or both of the pulses can be controlled for communicating
certain information to cooperative EAS units that are config-
ured to receive and interpret the pulses. In such a scenario,
each of'the pulses can be modulated to vary the message that
is being communicated. Any suitable form of modulation can
be used for this purpose. For example, the amplitude of the
pulse can be varied or pulse width modulation can be used to
selectively communicate different message information. The
messages that are communicated can include any information
that is useful for operating an EAS system. For example, the
pulses can identify a temperature at an EAS unit or a phase
(i.e. phase 1, phase 2, or phase 3) during which the plurality of
pulses Tx (C,) and Tx (C,) are being communicated. As
explained below, the communication of phase information
can be particularly helpful for synchronizing the operation of
two or more EAS units that are connected to different wires of
a three phase power system

As is well known in the art, electric power as provided by
electric utilities is commonly supplied in three phases. This
concept is illustrated in FIG. 9 which shows three separate
voltages at 60 Hz frequency. Phase 2 is approximately 120°
out of phase with phase 1. Phase 3 is approximately 240° out
of phase with phase 1. In a typical residential or commercial
facility, different electrical outlets can be connected to wires
carrying phase 1, phase 2 or phase 3. Accordingly, different
EAS units may be provided with electric power correspond-
ing to phase 1, phase 2, or phase 3. Although each phase in
nominally offset by 120°, inductive loads on a particular
circuit within a facility can actually cause the phase of that
circuit to shift somewhat. This leads to synchronization prob-
lems among EAS units because each unit bases the timing of
its transmitted pulses and receive intervals on a zero crossing
of its electrical power source. If the phase of one circuit is
offset from 120° or 240° then the synchronization of an EAS
unit connected to that circuit will be offset from other EAS
units on different phases. The Tx (C,) pulse described above
can be used to help compensate for these kinds of phase
offsets.

As an example, it can be observed in FIG. 7 that Tx (C,) is
a relatively shorter duration pulse as compared to Tx (C,).
Accordingly, the shorter duration pulse Tx (C,) can be used to
signify to other EAS units in proximity that EAS unit C is
currently in phase 2. The timing of this pulse Tx (C,) can also
be used by proximate cooperating EAS units to adjust their
timing. For example, the proximate EAS units can use the
timing of Tx (C,) to calculate a particular time t, that EAS
unit C believes to correspond to the beginning of phase 2 since
Tx (C,) always occurs a predetermined amount of time fol-
lowing t,. Once the proximate EAS unit determines the time
corresponding to t, in EAS unit C, the proximate EAS unit
can adjust its timing to compensate for any power line phase
shift. For example, an EAS unit P (which is proximate to EAS
unit C) can determines that time t, at EAS unit Cis offset 1.5
mS from the zero crossing at EAS unit P. The 1.5 mS timing
offset is due to a phase shift in the power line to which EAS
unit P is connected. The EAS unit P can then adjust the timing
of its transmitted pulses and receive cycles by 1.5 mS to
compensate for the phase offset.

FIG. 8 is a timing diagram that is useful for understanding
an alternative implementation of the arrangement described
in FIG. 7. The time lines 802, 804, 806 are similar to time lines
702, 704, 706 except that warning transmit pulse Tx (C',)
comprises a series of pulses rather than a single pulse Tx (C,).
Similarly, warning transmit pulse Tx (C',) is comprises of a
series of pulses rather than a single pulse Tx (C,). Accord-
ingly, the discussion relating to FIG. 7 is generally sufficient
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to understand what is shown in FIG. 8. However it should be
noted that in FIG. 8 one or both of the transmit pulses Tx (C',)
and Tx (C',) can each be comprised of a plurality of pulses. In
the case of Tx (C',) the plurality of pulses can begin about
2.17 seconds following a marker excitation pulse Tx (C,).
The plurality of pulses can be produced for a period of time
which generally should not exceed about 1.83 mS so as to
avoid extending into phase 2. This duration assumes a 470 uS
ring down period for Tx (C,) and may need to be reduced for
longer ring down periods so that Tx (C',) does not extend into
phase 2. Each of the plurality of Tx (C',) pulses will have a
duration which is less than about 900 uS. Similarly, in Tx
(C',) the plurality of pulses can begin about 2.17 seconds
following a 1.6 mS Tx (off) time. The plurality of pulses can
be produced for a period of time which generally should not
exceed about 1.83 mS so as to avoid extending into phase 3.
Each of the plurality of pulses will have a duration which is
less than about 900 pS.

With respect to non-cooperative EAS unit D, the Tx (C',)
and Tx (C',) pulses will have substantially the same effect as
Tx (C,) and Tx (C,) described above. In effect, these pulses
will cause EAS unit D to adjust its timing to avoid interfer-
ence with EAS unit C. However, an advantage of the multiple
pulses in this group is that they can serve other functions as
well. For example, the plurality of pulses can be controlled for
sending binary coded messages to cooperative EAS units that
are configured to receive and interpret the pulses. In such a
scenario, the individual pulses can be modulated (switched on
or off) to vary the message that is being communicated. The
messages that are communicated can include any information
that is useful for being communicated from one EAS unit to
another EAS unit. For example, the pulses can identify a
temperature or a phase (i.e. phase 1, phase 2, or phase 3)
during which the plurality of pulses Tx (C',) and Tx (C',) are
being communicated. If the pulses identify a phase, then the
timing of the pulses can also be used to compensate for power
line phase shifts as described above.

We claim:

1. A method for reducing interference in an electronic
article surveillance (EAS) system, comprising:

performing marker tag detection operations in a first EAS

unit including

periodically generating with a transmitter a first syn-
chronized electromagnetic exciter pulse configured to
force a response in said marker tag when said first
synchronized electromagnetic exciter pulse is trans-
mitted into an EAS tag detection zone,

communicating said first synchronized electromagnetic
exciter pulse into the EAS tag detection zone during a
pulse transmit time, and

after termination of said pulse transmit time, monitoring
with a receiver to detect said response from said
marker tag during a first receive interval;

selecting a predetermined time and a duration of a first

warning electromagnetic pulse so that said first warning
electromagnetic pulse will be transmitted from the first
EAS unit concurrent with a second receive interval of a
second EAS unit which follows a second synchronized
electromagnetic exciter pulse produced by the second
EAS unit when the second synchronized electromag-
netic exciter pulse is concurrent with said first receive
interval, where the second EAS unit performs monitor-
ing operations during the second receive interval to
detect a marker tag’s response to the second synchro-
nized electromagnetic exciter pulse; and

transmitting with said first EAS unit the first warning elec-

tromagnetic pulse at the predetermined time, where the
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first warning electromagnetic pulse acts upon a noise
interference avoidance system in the second EAS unit so
asto cause an automatic synchronization of transmit and
receive operations of the second EAS unit with transmit
and receive operations of the first EAS unit in response
to the second EAS unit’s reception of the first warning
electromagnetic pulse during the second receive inter-
val.

2. The method according to claim 1, wherein said marker
tag detection operations and said transmitting of said first
warning electromagnetic pulse are performed during a first
phase of an EAS cycle which is followed by a second phase,
and said second phase further comprises:

sensing with said receiver in said first EAS unit a level of

electromagnetic noise in a communication environment
during a noise sensing interval; and

transmitting with said first EAS unit a second warning

electromagnetic pulse at a second predetermined time
during said second phase.

3. The method according to claim 2, further comprising
selecting said second predetermined time and a duration of
said second warning electromagnetic pulse so that it is con-
current with a third receive interval which follows a third
synchronized electromagnetic exciter pulse produced by the
second EAS unit when the third synchronized electromag-
netic exciter pulse is concurrent with said noise sensing inter-
val.

4. The method according to claim 2, wherein at least one of
the first and second warning electromagnetic pulses is modu-
lated to contain encoded information.

5. The method according to claim 4, wherein said modu-
lating is selected from the group consisting of pulse width
modulation and amplitude modulation.

6. The method according to claim 4, wherein at least one of
the first and second warning electromagnetic pulses is modu-
lated to form a plurality of pulses.

7. The method according to claim 4, further comprising
receiving and demodulating at least one of the first and second
warning pulses in a third EAS unit to extract the coded infor-
mation.

8. The method according to claim 2, further comprising
forming the first warning pulse to have at least one feature
different from the second warning pulse whereby the second
warning pulse can be selectively identified in a third EAS
unit.

9. The method according to claim 8, further comprising
automatically adjusting a timing of at least one transmitted
pulse in the third EAS unit responsive to the second warning
pulse.

10. The method according to claim 2, wherein the first
synchronized electromagnetic exciter pulse has the same fre-
quency as the first and second warning pulses.

11. The method according to claim 1, wherein the second
EAS unit is non-cooperative with respect to maintaining syn-
chronization with the first EAS unit except in response to said
warning pulses.

12. The method according to claim 1, wherein the first
warning pulses are selected to have a timing and duration
which activates an interference avoidance process in the sec-
ond EAS unit.

13. A method for reducing interference in an electronic
article surveillance (EAS) system, comprising:

performing marker tag detection operations in a first EAS

unit including

periodically generating with a transmitter a first syn-
chronized electromagnetic exciter pulse configured to
force a response in said marker tag when said first
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synchronized electromagnetic exciter pulse is trans-
mitted into an EAS tag detection zone,

communicating said first synchronized electromagnetic
exciter pulse into the EAS tag detection zone during a
pulse transmit time, and

after termination of said pulse transmit time, monitoring
with a receiver to detect said response from said
marker tag during a first receive interval;

selecting a predetermined time and a duration of a first
warning electromagnetic pulse so that said first warning
electromagnetic pulse will be transmitted from the first
EAS unit concurrent with a second receive interval of a
second EAS unit which follows a second synchronized
electromagnetic exciter pulse produced by the second
EAS unit when the second synchronized electromag-
netic exciter pulse is concurrent with said first receive
interval, where the second EAS unit performs monitor-
ing operations during the second receive interval to
detect a marker tag’s response to the second synchro-
nized electromagnetic exciter pulse; and

transmitting with said first EAS unit the first warning elec-
tromagnetic pulse at the predetermined time, where the
first warning electromagnetic pulse acts upon a noise
interference avoidance process in the second EAS unit
so as to cause a timing change for the second synchro-
nized electromagnetic exciter pulse produced by the
second EAS unit when the second synchronized electro-
magnetic exciter pulse is concurrent with said first
receive interval.

14. The method according to claim 13, wherein said marker
tag detection operations and said transmitting of said first
warning electromagnetic pulse are performed during a first
phase of an EAS cycle which is followed by a second phase,
and said second phase further comprises:

sensing with said receiver in said first EAS unit a level of
electromagnetic noise in a communication environment
during a noise sensing interval; and

transmitting with said first EAS unit a second warning
electromagnetic pulse at a second predetermined time
during said second phase.

15. The method according to claim 14, further comprising
selecting said second predetermined time and a duration of
said second warning electromagnetic pulse so that said sec-
ond warning electromagnetic pulse acts upon a noise inter-
ference avoidance process in the second EAS unit to cause a
pulse transmission timing change in the second EAS unit.

16. The method according to claim 15, further comprising
communicating phase information to at least a third EAS unit
using said second warning electromagnetic pulse.

17. An system for reducing interference in and electronic
article surveillance (EAS) unit, comprising:

a first EAS unit including a transmitter, a receiver and a
controller arranged to control operation of the receiver
and the transmitter;

said controller configured to control marker tag detection
operations in said first EAS unit by

causing said transmitter to periodically generate a first
synchronized electromagnetic exciter pulse configured
to force a response in said marker tag when said first
synchronized electromagnetic exciter pulse is transmit-
ted into an EAS tag detection zone,

causing said first synchronized electromagnetic exciter
pulse to be transmitted into the EAS tag detection zone
during a pulse transmit time,

after termination of said pulse transmit time, causing said
receiver to monitor to detect said response from said
marker tag during a first receive interval,
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causing the transmitter to transmit a first warning electro-
magnetic pulse at a predetermined time following said
first synchronized electromagnetic exciter pulse, where
the first warning electromagnetic pulse is transmitted
concurrent with a second receive interval of a second
EAS unit which follows a second synchronized electro-
magnetic exciter pulse produced by the second EAS unit
when the second synchronized electromagnetic exciter
pulse is concurrent with said first receive interval, said
second EAS unit performs monitoring operations during
the second receive interval to detect a marker tag’s
response to the second synchronized electromagnetic
exciter pulse; and
controlling said predetermined time and a duration of said
first warning electromagnetic pulse so that said first
warning electromagnetic pulse acts upon a noise inter-
ference avoidance system in a second EAS unit so as to
cause a timing change for a second synchronized elec-
tromagnetic exciter pulse produced by the second EAS
unit when the second synchronized electromagnetic
exciter pulse is concurrent with said first receive inter-
val.
18. The system according to claim 17, wherein said con-
troller is configured so that the marker tag detection opera-
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tions and said transmitting of said first warning electromag-
netic pulse are performed during a first phase of an EAS cycle
which is followed by a second phase, and the controller is
configured so that during said second phase the controller
causes thereceiver to sense a level of electromagnetic noise
in a communication environment during a noise sensing
interval; and
causes the transmitter to transmit a second warning elec-
tromagnetic pulse at a second predetermined time dur-
ing said second phase.

19. The system according to claim 18, wherein said con-
troller is configured to select the second predetermined time
and a duration of said second warning electromagnetic pulse
so that said second warning electromagnetic pulse acts upon
anoise interference avoidance system in the second EAS unit
to cause a pulse transmission timing change in the second
EAS unit.

20. The system according to claim 19, wherein said con-
troller is configured to cause a pulse width of the second
electromagnetic warning pulse to be different as compared to
the first electromagnetic warning pulse.
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